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SUMMARY 

The mechanical properties of NASA Lewis Research Center developed SiC/RBSN 
composites and their thermal and environmental stability have been studied. 

The composites consist of nearly 30 vol % of aligned 142 pm diameter chemically 
vapor-deposited SiC fibers in a relatively porous silicon nitride matrix. In 
the as-fabricated condition, the unidirectional and two-dimensional composites 
exhibited metal-like stress-strain behavior, graceful failure, and showed 
improved properties when compared with unreinforced matrix of comparable den- 
sity. Furthermore, the measured room temperature tensile properties were rela- 
tively independent of tested volume and were unaffected by artificial notches 
normal to the loading direction or by thermal shocking from temperatures up to 
1100 °C. The four-point bend strength data measured as a function of tempera- 
ture to 1400 °C in air showed that as-fabricated strength was maintained to 
1200 °C. At 1400 °C, however, nearly 15 percent loss in strength was observed. 
Measurement of room temperature tensile strength after 100 hr exposure at tem- 
peratures to 1400 °C in a nitrogen environment indicated no loss from the 
as-fabricated composite strength. On the other hand, after 100 hr exposure in 
flowing oxygen at 1200 and 1400 °C, the composites showed ~40 percent loss from 
their as-fabricated ultimate tensile strength. Those exposed between 400 to 
1200 °C showed nearly 60 percent strength loss. Oxidation of the fiber/matrix 
interface as well as internal oxidation of the porous S i 3 N 4 matrix are likely 
mechanisms for strength degradation. The excellent strength reproducibility, 
notch insensitivity, and high temperature strength of the composite makes it 
an ideal candidate for advanced heat engine applications provided coating or 
densif ication methods are developed to avoid internal oxidation attack. 


INTRODUCTION 

Silicon based monolithic ceramic materials are potential candidates for 
advanced heat engine applications. However these materials are not utilized 
as structural components because of their flaw sensitivity, poor reliability, 
and brittle fracture behavior. Reinforcement of these materials by particu- 
lates, whiskers, or by continuous fibers should improve their reliability. 
Studies (refs. 1 and 2) have shown that the addition of SiC and TiN particu- 
lates or SiC whiskers to Si 3 N 4 matrix can result in a two-fold increase in 
fracture toughness, but final materials still exhibited brittle behavior. On 
the other hand, continuous fiber reinforcements offer certain advantages over 
particulate or whisker reinforcements. First, high modulus, high strength, 
small diameter ceramic fiber reinforcements in a ceramic matrix can bridge 
matrix flaws and delay the onset of matrix fracture to a much higher strain 
and stress level than the unreinforced matrix. Second, proper choice of fiber 


reinforcement and proper control of fiber/matrix bond will permit the matrix 
cracks to go around the fibers and not through them. This allows the fibers 
to bear the load beyond the matrix fracture and prevent catastrophic failure 
of the material at the instant of matrix fracture. 

In its pursuit of low density, strong, tough, reliable ceramic materials 
for structural components, NASA Lewis has developed a fiber-reinforced silicon- 
based ceramic composite system. In this paper the mechanical properties, flaw 
sensitivity, and environmental stability of this composite system are 
discussed. 


EXPERIMENTAL 
Material s 

The starting materials for the SiC/RBSN composite fabrication were SiC 
fiber monofilaments and high purity silicon powder. The SiC fiber monofila- 
ments were obtained from Textron Specialty Materials. These fibers were pro- 
duced by chemical vapor deposition from methyl-trichlorosi lane onto a heated 
carbon substrate. At the outer surface of the SiC sheath, the manufacturer 
provides different surface coatings which serve several purposes. They can 
heal surface irregularities on the SiC substrate, thereby providing abrasion 
resistance and improved fiber strength. They can also provide a weak interface 
for matrix crack deflection. A schematic diagram of the cross section of the 
CVD SiC fiber is shown in figure 1(a). The fiber consists of a sheath with an 
outer diameter of 142 pm surrounding a pyrolitic graphite-coated carbon core 
with diameter of 37 pm. The fiber used for SiC/RBSN composite fabrication con- 
tained two layers of carbon-rich surface coating. Each layer is a mixture of 
amorphous carbon and SiC. The elemental composition of the fiber surface coat- 
ing is shown in figure Kb). The manufacturer designates this fiber as double 
coated SCS-6 SiC fiber. This fiber was developed for metal matrix composites. 
The SCS-6 fibers tested from different fiber spools as well as different sec- 
tions of the same spool showed large scatter in room temperature tensile 
strength. The average room temperature tensile strength and the elastic modu- 
lus of the fiber are 3. 8+0. 7 and 390 GPa respectively (ref. 3). 

For the silicon nitride matrix, high purity silicon powder obtained from 
Union Carbide was used. The as-received powder contained large agglomerates 
and required attrition milling to reduce its particle size and to improve its 
reactivity to nitrogen during a later nitridation step. The attrition milling 
procedure and Impurity analysis of the attrition milled powder were discussed 
elsewhere (ref. 4). The average particle size of the attrition milled powder 
was 0.03 pm. 


Composite Fabrication 

The starting materials for composite fabrication were SiC fiber mats and 
silicon powder cloth. The block diagram shown in figure 2 gives the steps 
involved in composite fabrication. The details of the composite fabrication 
procedure were described in reference 5. To describe the composite fabrication 
briefly, first the SiC fiber mats were prepared by winding the SiC fibers with 
desired spacing on a cylindrical drum. The fiber spacing used depended on the 
desired fiber volume fraction in the composite. The fiber mats were coated 
with fugitive polymer binder to maintain the fiber spacing. After drying, the 
fiber mats were cut to 125 by 50 mm pieces. 
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For silicon cloth preparation, the attrition-milled silicon powder was 
mixed with polymer fugitive binder and an organic solvent until a dough of 
desirable consistency was obtained. This dough was rolled to the desired 
thickness to produce silicon cloth. The thickness of the cloth determined the 
matrix volume fraction in the composite. The silicon cloth was cut into 125 
by 50 mm pieces. 

For composite preform fabrication, the fiber mat and the silicon cloth 
were alternately stacked in a metal die and hot pressed in vacuum to remove the 
fugitive polymer binder at an appropriate temperature and pressure. The 
resultant composite preform was transferred to a nitridation furnace and 
nitrided to convert silicon to silicon nitride matrix. Using this fabrication 
method unidirectional [0]g and cross-plied [0/901$ composites, and unreinforced 
RBSN were prepared. Typical dimensions of composite plates were 125 by 50 by 
2 mm. 


Each composite plate contained ~30 vol °L of SiC fibers. The silicon 
nitride matrix was relatively porous and contained ~30 vol % porosity. The 
average composite density and matrix pore size were 2.0 gm/cc and 0.02 pm, 
respectively. The composite density was measured by the Archimedes method 
using methyl ethyl ketone liquid and pore size measurements were made by 
mercury porosimeter. A photomicrograph of the cross section of a 30 percent 
SiC/RBSN composite shown in figure 3 indicates the distribution of the SiC 
fibers in the RBSN matrix and the substructures contained within the SiC 
fibers. A higher magnification photograph of the composite cross section 
shown in figure 4 shows the interfacial region between the SiC fiber and RBSN 
matrix and the two layers contained in the carbon-rich fiber surface coating. 


RESULTS 

Typical room temperature tensile stress-strain curves for the unidirec- 
tional [0]g and cross plied [0/901$ composites are shown in figure 5. The 
stress-strain curves for the [901g composites and the unreinforced RBSN matrix 
are included in figure 5 for comparison purposes. In general, the stress- 
strain curves for both the [ 0 ] g and [0/90]$ composites showed three distinct 
regions: an initial linear elastic region, followed by a nonlinear region, and 

then a second linear region. The nonlinear region originated with the onset of 
matrix cracking normal to the loading direction. With continued stressing 
additional matrix cracks were formed; and at the end of the nonlinear range, 
regularly spaced matrix cracks were seen. The average matrix crack spacing 
for [ 0 3 g was 0.8+0. 2 mm. Using measured values of the average matrix crack 
spacing, the first matrix cracking stress, and the elastic properties of the 
fiber and the matrix, it is possible to calculate the interfacial shear 
strength between the fiber and the matrix from composite theory (ref. 6). 

Beyond the nonlinear region, a second linear region was observed until final 
fiber-controlled failure of the composite occurred. On the other hand, the 
stress-strain curves for the monolithic RBSN and the C 90 3 g composites showed 
only the initial linear region. Both these materials showed no evidence of 
strain capability beyond matrix fracture. Examination of broken tensile speci- 
mens of [038 and [0/903$ composites showed a broom-like fracture surface with 
minimal matrix around the fibers. Optical photographs of representative frac- 
tured tensile specimens for both of these composites is shown in figure 6. 
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Comparison of the stress-strain curves in figure 5 provided additional 
information. First, the composite displayed anisotropy in in-plane properties. 
Second, the matrix fracture strain for the C0 ]q composites was slightly higher 
than that of the unreinforced RBSN matrix. This indicates that reinforcement 
of RBSN by large diameter SiC fibers did not significantly affect matrix frac- 
ture strain. This is in contrast to the microcrack bridging effect seen in 
small diameter carbon fiber reinforced glass composites (ref. 6). Third, the 
composite strain at which the matrix fractured for the [0]g composites was 
nearly equivalent to that for the [0/90]$ composites. This suggests that ply 
lay-up in the composite has minimum influence on the matrix fracture strain. 
Lastly, the matrix fractures at -0.03 percent strain for the C 90 ] g , but at 
-0.1 percent for the [0/90]$ composites. This indicates that coupling stresses 
between [0] and [90] plies restricts fracture of the [90] plies in [0/90]$. 

The room temperature elastic and fracture properties measured from the 
stress-strain curves of the unidirectional and cross-plied composites are 
listed in table I. The interfacial shear strength, in-plane shear strength, 
and the fracture toughness values for the composites are also included in the 
table I. The measurement of these property data are discussed in the following 
sections. Each data entry in the table represents an average of five tests. 

The scatter in data represents two standard deviations. The large scatter in 
the ultimate tensile strength for the composite is due to large variation in 
the ultimate tensile strength of SiC fibers seen from one fiber spool to 
another as well as within a fiber spool itself. On the other hand the scatter 
in matrix related properties reflects batch to batch variation in fabrication. 


Interfacial Shear Strength 

Interfacial shear strength between the SiC fibers and RBSN matrix was cal- 
culated from the Aveston, Cooper, and Kelly theory (ref. 6). The interfacial 
shear strength, t, between the fiber and the matrix can be estimated from the 
equation 


x = o£d/ [ 2 . 98 x V-(l + E f V f /E V )] 
c f r f m m 

Here o£ is the composite stress corresponding to the first matrix crack, x 

is the average matrix crack spacing, D is the fiber diameter, Ef is the fiber 
modulus, E m is the matrix modulus, and Vf is the fiber volume fraction. 

Using the values of x = 0.8 mm, = 227 MPa, E m = 110 MPa, Vf = 0.3, 

0 = 142 pm, Ef = 390 MPa (ref. 3) in the equation, the calculated value of mean 
interfacial shear strength was 18 MPa. 


Interlaminar Shear Strength 

For interlaminar shear strength measurement, double notched shear test 
specimens were used. These specimens were 27 mm long with cross section of 
6 by 6 mm. The specimen contained two 1 mm wide, 3 by 6 mm notches which were 
machined from the opposite faces of the specimen, 6 mm from each end. The spe- 
cimens were tested in compression until failure. The interlaminar shear 
strength was then calculated from the maximum failure load and the shearing 
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area. The average interlaminar shear strength for uniaxial ly reinforced SiC/ 
RBSN was 40 MPa. 


Fracture Toughness 

The fracture toughness for unidi rectional ly reinforced S i C/ RBSN composite 
system was measured at room temperature using the notched beam method. This 
method was particularly chosen due to ease of specimen preparation compared to 
other methods such as the double torsion and cantilever beam. Specimen dimen- 
sions used were 50 by 6 by 6 mm. The center of the specimen contained a rec- 
tangular notch of dimensions 6 by 3 by 0.7 mm. The notch depth to specimen 
thickness ratio was 0.5 in all cases. The K calibration equation for the 
notched specimens was used from reference 7. For Kj measurement, the speci- 
mens were tested in three-point bend. During bend testing, cracks were formed 
initially normal to the notch tip and then these cracks grew along the fiber/ 
matrix interface. With continued loading, cracks were formed parallel to the 
notch tip. At maximum load, the specimen deflected in the form of a U-shape, 
keeping its integrity. Even at maximum load level, the cracks propagating 
from the notch tip did not reached the compression side of the specimen. In 
contrast a notched monolithic ceramic under similar testing condition would 
break to pieces upon reaching the maximum stress. The fracture toughness was 
measured based on the load required for initial damage to specimens at the 
point of nonlinearity on the load-deflection curve. The measured Kj value 
for uni di rectional ly reinforced SiC/RBSN composite was 13 MPa nr • This 
value is nearly three times the reported Kj value of 4 MPa m -l/2 for hot 
pressed S i 3 N 4 (ref. 8 ). 


Effect of Tested Volume on Strength 

The influence of tested volume on the room temperature tensile properties 
of C03 q composites was determined by varying the gauge length from 12 to 
127 mm. The properties measured were the matrix cracking stress and the ulti- 
mate composite strength. The results in terms of tested volume are plotted in 
figure 7. The data represents an average of five specimens. Included in fig- 
ure 7 are the tensile strength results for hot-pressed Si 3 N 4 (refs. 9 and 10). 

Comparison of the data indicates that the first matrix cracking stress and 
the ultimate tensile strength for the composite is relatively independent of 
the tested volume, whereas the tensile strength of hot pressed Si 3 N 4 varies 
inversely with the tested volume. Since monolithic ceramics are linearly elas- 
tic material until fracture, their strengths are governed by the largest flaw 
present in the tested volume. As the test volume increased, the probability 
for the presence of a larger flaw also increased. Therefore, the strength of 
monolithic ceramics decreases with increasing volume. On the other hand, the 
volume independent strength behavior for composites suggests that the strength 
of the composite does not depend on the largest flaw formed during fabrication 
or during specimen preparation, but depends on the complex interaction of local 
stress fields around the flaws and their growth due to global stresses. The 
implication of this finding is that for applications requiring large material 
volumes such as turbine blades or rotors the strength of SiC/RBSN composites 
may be better than that of commercially available dense hot pressed S i 3 N 4 . 
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Effect of Notches on Strength 


In order to determine the behavior of SiC/RBSN composites under notched 
conditions, tensile specimens of [0]g and [0/90]$ composites were notched at 
the center of specimen gauge section across the width. The tensile specimens 
were of same dimensions as those used for other tensile tests. Notches were 
machined to a depth of 3 mm using a diamond impregnated metal saw. Specimens 
contained either single or two opposing notches. The strength data for the 
notched and unnotched specimens are tabulated in table II. Results indicate 
that the strength properties of the composite are unaffected by notches. This 
composite behavior is quite different from that of monolithic ceramic materials 
where machined notches are known to have significant effect on their strength. 
This is another indication of the improved toughness of SiC/RBSN composites. 


Effect of Thermal Shocking on Strength 

The thermal shock resistance of uniaxial 1 y reinforced SiC/RBSN composites 
was evaluated using the water quench method. In this method the composites 
were first heated at temperatures to as high as 1100 °C in air for 15 min and 
then quenched in cold water. The effect of quenching on the room temperature 
tensile and bend properties was measured. The bend test specimens were of 
dimensions 50 by 6 by 22 mm. The bend specimens were tested in a four-point 
bend fixture having an outer and inner span of 40 and 20 mm, respectively. 

The dimensions of the tensile specimens were the same as described previously. 
The room temperature bend and tensile data for thermally shocked and as- 
fabricated composites are shown in figure 8. Included in figure 8 for compari- 
son purposes are the four-point bend strength results for thermally shocked 
unreinforced monolithic RBSN (NC-350). 

The results indicate that the room temperature ultimate tensile strength 
and the first matrix cracking stress values for the composite quenched from 
temperatures to 1100 °C were similar to those for the as-fabricated composites. 
On the other hand, the bend test results indicate loss of ultimate bend 
strength after quenches from above 600 °C. The bend strength loss behavior for 
the quenched unreinforced RBSN appeared similar to that for the composite, but 
for unreinforced RBSN, the strength loss occurred after quenches from tempera- 
tures above 425 °C which is 175 °C less than that observed for the composite. 
Although thermal shocking did damage to the composite, probably by microcrack- 
ing of the matrix, it did not affect the tensile properties of the composite. 
From these results it can also be concluded that SiC/RBSN composites have bet- 
ter thermal shock resistance than the unreinforced RBSN and thus better tough- 
ness or flaw tolerance. 


Thermal and Environmental Stability 

Elevated Temperature Strength . - Four-point bend tests of SiC/RBSN compos- 
ites were performed at temperatures from 25 to 1400 °C in air. These tests 
were performed at a depth to span ratio of 25:1. The ultimate bend strength 
data for the unidirectional ly reinforced SiC/RBSN composite at 25, 1200, and 
1400 °C are shown in figure 9. For comparison purposes, included in figure 9 
are the elevated temperature bend strength data reported in the literature for 
hot pressed S i 3N4 (ref. 11), unreinforced RBSN (ref. 11), and one-dimensional 
SEP SiC/composites (ref. 12). In making this comparison, it was assumed that 
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all of these materials failed by tensile fracture. The advantages of fiber 
reinforcement are apparent from comparison of the RBSN and composite data. 

The SiC/RBSN composites retained their as-fabricated strength at 1200 °C. At 
1400 °C, however, a small loss in strength was observed. At room temperature, 
the hot pressed S i 3 N 4 showed strength similar to that of the SiC/RBSN compos- 
ites, but at 1200 and 1400 °C the SiC/RBSN composites retained a greater frac- 
t ion of their as-fabricated strength than the hot pressed S i 3 N 4 . Finally, in 
the as-fabricated condition, the one-dimensional SEP SiC/SiC composites showed 
strength significantly lower than the SiC/RBSN composites, and at 1400 °C their 
strength decreased by 50 percent. 


Environmental Stability 

To investigate their environmental stability, the composite specimens were 
heat treated in flowing oxygen and in nitrogen environments for 100 hr at tem- 
peratures to 1400 °C and then tensile tested at room temperature. The specimen 
dimensions used were the same as those for other tensile tests used in this 
study. The variation of the matrix cracking stress and the ultimate tensile 
strength as a function of heat treating temperature are shown in figure 10 . 

For the nitrogen treatment, as-fabricated strength was maintained from 25 to 
1400 °C. In an oxidizing environment, however, an entirely different behavior 
was observed. The first matrix cracking stress values for the composites heat 
treated at 400, 1200, and 1400 °C were similar to those displayed by the com- 
posites in as-fabricated condition, but in the intermediate temperature range 
between 400 to 1200 °C, the first matrix cracking stress decreased initially 
with increasing exposure temperature up to 600 °C and then leveled off to a 
value of 120 MPa from 600 to 1000 °C. Beyond 1000 °C, it increased to a value 
corresponding to that of as-fabricated composites. 

The variation of ultimate tensile strength of the composite with heat 
treatment temperature was similar to that observed for the first matrix crack 
stress. Although the composite lost nearly 60 percent of its as-fabricated 
strength after exposures in the intermediate temperatures (i.e, between 400 and 
1200 °C), it lost only 40 percent of its strength at 1200 and 1400 °C. Compar- 
ison of the nitrogen and oxygen data indicates that the as-fabricated strengths 
for the composites used for the nitrogen treatment were appreciably higher than 
those for the oxidizing treatment. This difference is attributed to the dif- 
ferences in average ultimate tensile strength of the fibers used for composite 
fabrication. The higher the average tensile strength of the fiber spool used, 
the higher will be the average tensile strength of the as-fabricated composite. 
Data presented in figure 11 clearly indicates that in an oxidizing environment 
the composite shows strength degradation above 400 °C. A detailed discussion 
of the strength degrading mechanisms is beyond the scope of this paper and is 
given in reference 13. This reference identifies three mechanisms for the 
strength degradation. They are oxidation of the fiber/matrix interface, oxida- 
tion of the porous Si 3 N 4 , and intrinsic strength degradation of the SiC fibers. 
At low temperatures between 400 to 800 °C, where oxidation of porous S i 3 N 4 is 
not kinetically favorable, oxygen could diffuse through the porous matrix and 
oxidize the carbon coating at the fiber/matrix interface. This reaction decou- 
ples the fiber from the matrix, causing loss of load transfer and loss of 
strength. In the temperature range between 800 to 1200 °C, where internal oxi- 
dation of the porous S i 3 N 4 is prevalent, both reactions - formation of silica 
in the S i 3 N 4 pores and oxidation of the fiber/matrix interface - occur simulta- 
neously. Beyond 1200 °C, rapid oxidation of the porous S i 3 N 4 matrix allows 
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formation of dense silica on the composite surface which reduces permeability 
of oxygen through the matrix. However, instability of the fiber surface coat- 
ing and possible fiber degradation still results in some loss in composite 
strength. 


SUMMARY AND CONCLUSIONS 

A strong, tough, and therefore more reliable silicon-based ceramic compos- 
ite can be fabricated by reinforcing RBSN with high strength, high modulus, 
continuous length SiC fibers. The important features of this composite are as 
follows. 

1. In the tensile mode, the room temperature strength properties of unidi- 
rectional composites showed no influence of tested volume or artificial notch- 
es, and were unaffected by quenching from temperatures up to 1100 °C. These 
all 

indicate excellent toughness or flaw resistance for the composite material. 

2. In the bend mode, the unidirectional composites retained their as- 
fabricated fast-fracture ultimate strength to 1200 °C in oxygen. 

3. In a nitrogen environment, the unidirectional composites displayed 
excellent thermal stability after 100 hr exposure at temperatures to 1400 °C. 

4. In an oxidizing environment, the composite retained nearly 60 percent 
of its as-fabricated strength after 100 hr exposure at 1200 and 1400 °C. How- 
ever, those heat treated between 400 and 1200 °C showed strength loss due to 
oxidation of the interfacial region, the porous silicon nitride matrix, and the 
SiC fibers. 

Because of their good strength properties, notch insensitivity, and ther- 
mal shock resistance, SiC/RBSN composites are potential candidates for high 
temperature applications such as heat engines. Further improvement in compos- 
ite properties are needed, however, to avoid long-term oxidation induced 
degradation. This may be achievable by fully densifying the matrix and/or by 
providing a dense coating for the composite surface. 
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TABLE I. - ROOM TEMPERATURE MECHANICAL PROPERTIES FOR [0]g 
AND [0/00 ] 5 SiC/RBSN COMPOSITES <V f ~ 0.3) 


Properties 

[ 0] 8 

[0/903$ 

Elastic modulus, GPa 
First matrix cracking strength, MPa 
Composite ultimate strength, MPa 
First matrix cracking strain, % 
Composite ultimate fracture strain, % 
Interfacial shear strength, MPa 
In-plane shear modulus, GPa 
In-plane shear strength, MPa 
Fracture toughness, MPa ^m" 

193+7 
227+41 
682+150 
0 . ii 
0.45 
18 
31+2 
40 
13 

124+6 

127+26 

294+87 

0.1 

0.6 


TABLE II. - ROOM TEMPERATURE STRENGTH PROPERTIES FOR UNNOTCHED AND 
NOTCHED [0 ] 8 AND [0/90] s SiC/RBSN COMPOSITES (V f ~ 0.3) 


Condi t i on 

OO 

o 

[0/90] g 


First matrix 
crack i ng 
stress , 
MPa 

U1 t imate 
tensi 1 e 
strength , 
Mpa 

First matrix 
cracki ng 
stress , 
MPa 

U1 t i mate 
tensi 1 e 
strength , 
MPa 

Unnotched 
Single notched 5 
Oouble notched 5 

227+4 1 
b 201+12 
b 226+15 

686+150 
b 620+l 45 
b 659+l 35 

127+26 

294+87 

b 151 

b 265 


f*Notch length, 3.00 mm; specimen width, 12 mm. 
“Strength measured based on net cross-sectional area. 
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FIGURE 1. - DETAILS OF CVD SiC FIBER. 
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FIGURE 2. * BLOCK DIAGRAM SHOWING THE SiC/RBSN 
COMPOSITE FABRICATION PROCESS. 
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FIGURE 3, - A TYPICAL CROSS-SECTION OF A UNIDIRECTIONALLY REIN- 
FORCED SiC/RBSN COMPOSITE (Vf ~ 0.3). 



FIGURE A. - PHOTOMICROGRAPH SHOWING THE INTERFACIAL REGION IN SIC/ 
RBSN COMPOSITES. 
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FIGURE 5. - TYPICAL STRESS-STRAIN CURVES 
FOR [0I 8 , [0/90I s , [ 90 Jg COMPOSITES, 
AND REINFORCED RBSN. 



(a> cb) 


FIGURE 6. - FRACTURED TENSILE SPECIMENS OF (a) [Olg AND 
(b) [ 0/90 1 s COMPOSITES SHOWING BRUSH-LIKE FRACTURE. 
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FIGURE 7. - VARIATION OF ROOM TEMPERATURE TENSILE PROPER- 
TIES WITH TESTED VOLUME FOR UNIDIRECTIONALLY REINFORCED 
SiC/RBSN COMPOSITES (Vf ~ 0.3) AND MONOLITHIC SUN. 
(9.101. 
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FIGURE 8. - THE ROOM TEMPERATURE TENSILE AND N-POINT BEND STRENGTHS FOR 
UNIDIRECTIONALLY REINFORCED SiC/RBSN COMPOSITES (Vf - 0.3) AND MONO- 
LITHIC RBSN (NC-350) AFTER QUENCHING FROM INDICATED TEMPERATURES. 
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FIGURE 9. - BAR GRAPH SHOWING BEND STRENGTHS 
FOR UN I DIRECTIONALLY REINFORCED SiC/RBSN 
COMPOSITES (Vf -0.3), HOT PRESSED Si 3 N t( 
RBSN (NC-350) AND 1-D SEP SiC/SiC COMPOS- 
ITES AT 25, 1200, AND 1900 °C. 



FIGURE 10. - ROOM TEMPERATURE TENSILE STRENGTHS FOR 
UN I DIRECTIONALLY REINFORCED SiC/RBSN COMPOSITES 
(V f - 0.3) AFTER 100 hr EXPOSURE AT TEMPERATURES 
TO 1900 °C IN NITROGEN AND IN OXYGEN ENVIROMENTS. 
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